INTRODUCTION
============

Ulcerative colitis (UC) is a chronic relapsing inflammatory disorder characterized by colonic inflammation.[@B1] 5-Aminosalicylate and corticosteroids are conventionally used for treatment of UC.[@B2][@B3][@B4] Recently, several papers reported that calcineurin inhibitors and tumor necrosis factor (TNF)-α antagonists are effective treatments for patients with UC refractory to corticosteroids.[@B5][@B6] Particularly, randomized controlled studies demonstrated that, in moderate to severe UC patients, TNF-α antagonists were effective not only for induction and maintenance of remission, but also for achieving endoscopic mucosal healing (MH).[@B5] Moreover, these trials revealed that achieving endoscopic MH would be a predictive variable of better long-term clinical outcome because of a lower risk of colectomy in UC patients with endoscopic MH.[@B7] As a result, not only induction of clinical remission, but also achieving endoscopic MH is proposed as the new therapeutic goal for treatment of UC. In clinical practice, however, relapse of UC was found in UC patients despite achieving endoscopic MH. A resent paper also reported that the cumulative relapse rate at 5 years after achieving endoscopic MH was 22% of UC patients.[@B8] According to those data, it remained controversial whether or not endoscopic MH is the final goal of treatment of UC, because clinical relapse is not infrequent even in patients achieving endoscopic MH. Therefore, identifying the clinical variables predicting relapse in UC patients after achieving endoscopic MH would be important for establishing the optimal therapeutic strategy for maintenance of clinical remission and MH. Hence, the aim of this study was to elucidate the clinical variables predicting relapse in UC patients after achieving endoscopic MH.

METHODS
=======

1. Patients
-----------

From April 2010 to February 2015, 298 patients with UC who had been treated at Kitano Hospital were retrospectively analyzed. The diagnosis of UC was confirmed by endoscopic and pathologic findings. This retrospective, observational, single-center study was conducted according to the principles of the Declaration of Helsinki, and reviewed and approved by the Institutional Review Boards of Kitano Hospital.

2. Evaluation of Clinical and Endoscopic Activity of UC
-------------------------------------------------------

Clinical and endoscopic activities were evaluated with the Lichtiger index and Mayo score, respectively. Clinical remission was defined as a Lichtiger index of less than 4 under corticosteroid- and granulocyte monocyte adsorption apheresis-free conditions. The relapse of UC was defined as any recurrence of UC-related symptoms that required additional treatment.[@B9] Endoscopic MH was defined as Mayo score of 0 or 1. Patients were categorized into two groups (MH group and non-MH group) based on their endoscopic score after completely tapering corticosteroids, and the MH group was included in our analysis.

3. Definitions
--------------

Corticosteroid-refractoriness was defined as no improvement in disease activity of UC despite treatment with corticosteroids.[@B10][@B11] Corticosteroid-dependency was defined as disability to discontinue corticosteroids due to a relapse of UC within corticosteroid-tapering or 3 months of stopping the corticosteroid treatment.[@B10][@B11]

4. Assessment and Statistics
----------------------------

The primary outcome was the cumulative relapse free rate in UC patients after achieving MH. The secondary outcome included the identification of clinical variables associated with the risk of relapse in UC patients after achieving MH. Categorical and continuous data were compared using a two-tailed Fisher exact test, chi-square test and Mann-Whitney *U* test. The cumulative relapse free rate was evaluated by Kaplan-Meier analysis with log-rank test. To perform multivariate analysis of the time to relapse in UC patient after achieving MH, clinical variables were analyzed by Cox regression. The clinical variables that were suggested to be important variables associated with relapse by univariate analysis were selected for multivariate analysis. A *P*-value of less than 0.05 was considered statistically significant.

RESULTS
=======

1. Patient\'s Characteristics
-----------------------------

A total 88 of 298 UC patients (29.5%) were found to have endoscopic MH. The characteristics of the 88 patients with UC are shown in [Table 1](#T1){ref-type="table"}. The median duration of follow-up of the 88 patients was 1.33 years (range, 0.02--7.50). Forty-five of the 88 patients (51.1%) were male and the remaining 43 (48.9%) were female. The median age at diagnosis of UC was 34-years old (range, 10--75 years). Thirty-two of the 88 patients (36.4%) had extensive colitis type, 21 (23.9%) had left-sided type, and 34 (38.6%) had proctitis type of UC. Forty-three of the 88 patients (48.9%) with UC was defined as Mayo-0, and the remaining 45 patients (51.1%) were defined as Mayo-1. Seventy-two patients (81.8%) with UC were treated with 5-aminosalicylate for maintenance therapy, 12 (13.6%) were treated with azathiopurine/6-mercaptopurine, 1 (1.1%) with granulocyte monocyte adsorption apheresis, 6 (6.8%) with TNF-α antagonists, and 8 (9.1%) were not treated. Twenty-three of the 88 patients (26.1%) with UC had a history of treatment with corticosteroid, and 4 patients (4.5%) were defined as having corticosteroid-refractory UC and 6 (6.8%) were defined as having corticosteroid-dependent UC.

2. The Long-term Clinical Outcome of UC Patients after Achieving MH
-------------------------------------------------------------------

In 21 of the 88 patients with endoscopic MH (23.9%), a relapse of UC occurred. The median time at relapse of UC was 1.2 years (range, 0.02--5.20) after achieving MH. Based on Kaplan-Meier analysis, the cumulative relapse free rate at 1, 3, and 5 years of UC patients after achieving MH were 87.9%, 70.2% and 63.8%, respectively ([Fig. 1](#F1){ref-type="fig"}). We divided the 88 UC patients with endoscopic MH into two groups, the Mayo-0 and Mayo-1 group, and evaluated the differences in the clinical characteristics between the Mayo-0 and Mayo-1 group. The median duration of follow-up of the Mayo-0 and Mayo-1 group was 0.77 years and 1.54 years, respectively (*P*=0.233). However, there was no significant difference of clinical characteristics between the Mayo-0 and Mayo-1 group ([Table 2](#T2){ref-type="table"}). On the other hand, the cumulative relapse free-rate of the Mayo-0 group tended to be high compared to that of the Mayo-1 group (76.9% \[Mayo-0\] and 54.1% \[Mayo-1\] at 5 years, respectively), although there was no significant difference in the cumulative relapse free rate between the Mayo-0 and Mayo-1 group (*P*=0.313) ([Fig. 2](#F2){ref-type="fig"}).

3. The Clinical Variable for Relapse in UC Patients after Achieving MH
----------------------------------------------------------------------

To investigate the clinical variable for relapse in UC patients after achieving MH, we evaluated the differences in the clinical characteristics of UC patients between the relapse and non-relapse group. As shown in [Table 3](#T3){ref-type="table"}, the rates of extensive colitis, Mayo-1 and immunomodulator use in the relapse group were higher than those in the non-relapse group, although there was no significant difference (Extensive colitis, *P*=0.08; Mayo-1, *P*=0.167; Immunomodulator use, *P*=0.055). Moreover, Cox regression analysis demonstrated that immunomodulator use was a clinical variable for relapse in UC patients after achieving MH (hazard ratio, 6.134; 95% CI, 1.134--33.170; *P*=0.035) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Our current study demonstrated that the cumulative relapse free rate at 5 years of UC patients after achieving endoscopic MH was 63.8%. Moreover, there was no significant difference in the cumulative relapse free rate between the Mayo-0 and Mayo-1 group. Regarding the predictive variable of relapse in UC patients with endoscopic MH, our multivariate analysis revealed that the immunomodulator use was a clinical variable. In UC patients, particularly those requiring immunomodulators, therefore, our data suggest that we should treat toward a higher goal than endoscopic MH, such as histological MH.

It has been well known that endoscopic MH relates to a better long-term clinical-outcome of UC patients.[@B7][@B12] The post hoc analysis of Active Ulcerative Colitis Trials (ACT) 1 and 2 demonstrated that UC patients treated with infliximab who achieved endoscopic MH at week 8 had a lower colectomy rate than those without MH.[@B7] A recent paper also reported that rapid achievement of endoscopic MH with treatment of tacrolimus was associated with a better remission maintenance time.[@B13] Therefore, achieving endoscopic MH has been proposed as the new therapeutic goal for the treatment of UC. However, few papers have reported the long-term outcome of UC patients after achieving endoscopic MH. Previously, Yokoyama et al. reported that cumulative relapse free rates at 5 years of Mayo-0 and Mayo-1 were 78% and 40%, respectively.[@B8] Moreover, there was a significant difference in the cumulative relapse rate among Mayo-0, -1, -2, and -3 groups although the number of enrolled patients was very small.[@B8] On the other hand, Ikeya et al. also evaluated the cumulative relapse-free rate between Mayo-0 and Mayo-1 group, and reported that there was no significant difference in prognosis between Mayo-0 and Mayo-1 group.[@B13] Our data also demonstrated that cumulative relapse free rate at 5 years of Mayo-0 was 76.9% as similar to previous data.[@B8] In our data, however, there was no significant difference in the cumulative relapse free rate between Mayo-0 and Mayo-1 (*P*=0.313). Therefore, it remains controversial whether or not Mayo-1 should be definitely differentiated from Mayo-0 for assessment of endoscopic MH. In either case, endoscopic MH could not be the final goal, but just a milestone in treatment of UC, because the relapse of UC was found not only in the Mayo-1 group, but also in the Mayo-0 group.

Recently, Barreiro-de Acosta et al. reported that a Mayo endoscopic subscore of 1 would be an independent risk factor for relapse during the 6 months of follow-up time after achieving MH.[@B14] On the other hand, our multivariate analysis revealed that immunomodulator use, but not endoscopic findings, was a predictive variable of relapse for 5 years of follow-up time in UC patient with endoscopic MH. According to those data, endoscopic findings would be associated with clinical relapse in the short-term duration after achieving MH. Regarding relapse over the long-term after achieving MH, however, UC refractoriness requiring immunomodulator for maintenance of remission and MH would contribute to the clinical course of UC patients. Despite achieving endoscopic MH, therefore, we should keep the maintenance treatment deliberately in UC patients who required the treatment with immunomodulator.

It remained unclear whether or not endoscopic MH could be the final goal for treatment of UC. Several papers had also proposed that endoscopic MH is not suitable for the final therapeutic-goal of UC.[@B15][@B16][@B17] Confocal laser endomicroscopy demonstrated that the activity of UC, such as impaired crypt regeneration, persistent inflammation, distinct abnormalities in angioarchitecture, and increased vascular permeability, remained in endoscopically normal colonic-mucosa in patients with UC in remission.[@B18] According to those data, endoscopic findings alone, even if Mayo-0, are not suitable for assessment of \"complete\" MH. Recently, therefore, new therapeutic criteria of complete MH defined as histological mucosal healing were proposed.[@B18][@B19] Particularly, histological evaluation would play an important role in assessment of complete MH, because it is reported that persistent histological inflammation is associated with an increased risk of relapse, hospitalization, and colectomy in UC patients.[@B17] According to a recent paper by Bryant RV, et al., complete remission, defined as both endoscopic and histological remission, could be associated with long-term better outcome compared with endoscopic remission alone.[@B19] However, neither endoscopic nor histological remission were perfect for the assessment of complete MH, because 43% of UC patients with both endoscopic and histological remission required corticosteroids, and 12% of those required hospitalization over the 6-year follow-up period.[@B19] Therefore, establishment of new criteria for assessment of \"complete\" MH is needed.

In our study, there were several limitations including small sample size, single center study and retrospective study. Particularly, due to the retrospective study, poor adherence to maintenance therapy or superimposed infection such as *Clostridium difficile* and cytomegalovirus infections, which would be important variables related to a relapse of UC, could not be analyzed. Moreover, the timing for decision of endoscopic MH in each patient varied. In this regard, our data should be cautiously interpreted and further prospective studies are required with a larger number of enrolled patients.

In conclusion, our data demonstrated that the prognosis of UC patients after achieving endoscopic MH would be based on UC refractoriness requiring immunomodulators, although further studies would be necessary for clarifying the clinical implication of endoscopic- or histologic-MH and evaluating long-term prognostic variables in UC with MH.
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![Cumulative relapse free rate of UC patients after achieving mucosal healing. Based on Kaplan-Meier analysis, the cumulative relapse free rate at 1, 3 and 5 years of UC patients after achieving mucosal healing were 87.9%, 70.2% and 63.8%, respectively.](ir-14-37-g001){#F1}

![Cumulative relapse free rate between the Mayo-0 and Mayo-1 group. The cumulative relapse free rate of the Mayo-0 group was estimated as 76.9% at 5 years after achieving mucosal healing (solid line), and that of the Mayo-1 group was estimated as 54.1%. There was no significant difference of cumulative relapse free rate between the Mayo-0 and Mayo-1 group (*P*=0.313).](ir-14-37-g002){#F2}

###### Patient\'s Characteristics

![](ir-14-37-i001)

  Variable                                   n=88
  ------------------------------------------ -------------
  Gender (M/F)                               45/43
  Age at diagnosis (yr) (Median)             34 (10--75)
  Extent of disease                          
   Extensive colitis                         32 (36.4)
   Left-sided                                21 (23.9)
   Proctitis                                 34 (38.6)
   Unclear                                   1 (1.1)
  Endoscopic Mayo score                      
   Mayo-0                                    43 (48.9)
   Mayo-1                                    45 (51.1)
  Maintenance therapy                        
   5-ASA                                     72 (81.8)
   AZA/6MP                                   12 (13.6)
   GMAA                                      1 (1.1)
   TNF-α antagonists                         6 (6.8)
   None                                      8 (9.1)
  History of treatment with corticosteroid   23 (26.1)
   Corticosteroid refractory                 4 (4.5)
   Corticosteroid dependent                  6 (6.8)

Values are presented as n (%).

M, male; F, female; 5-ASA, 5-aminosalicylic acid; AZA/6MP, Azathioprine/6-mercaptopurine; GMAA, granulocyte monocyte adsorption apheresis; TNF, tumor necrosis factor.

###### Patient\'s Characteristics Between Mayo-0 and Mayo-1 Group

![](ir-14-37-i002)

  ----------------------------------------------------------------------------------
  Variable                                   Mayo-0\       Mayo-1\       *P*-value
                                             n=43          n=45          
  ------------------------------------------ ------------- ------------- -----------
  Gender (M/F)                               23/20         22/23         0.666

  Age at diagnosis (yr), median (range)      34 (15--75)   34 (10--71)   0.333

  Extent of disease                                                      0.361

   Extensive colitis                         17 (39.5)     15 (33.3)     

   Left-sided                                6 (14.0)      15 (33.3)     

   Proctitis                                 19 (44.2)     15 (33.3)     

   Unclear                                   1 (2.3)       0 (0)         

  Maintenance therapy                                                    

   5-ASA                                     35 (81.4)     37 (82.2)     0.860

   AZA/6MP                                   5 (11.6)      7 (15.6)      0.821

   GMAA                                      0 (0)         1 (2.2)       N/A

   TNF-α antagonists                         1 (2.3)       5 (11.1)      N/A

   None                                      5 (11.6)      3 (6.7)       N/A

  History of treatment with corticosteroid   9 (20.9)      14 (31.1)     0.399

   Corticosteroid refractory                 2 (4.7)       2 (4.4)       N/A

   Corticosteroid dependent                  2 (4.7)       4 (8.9)       N/A
  ----------------------------------------------------------------------------------

Values are presented as n (%).

Categorical and continuous data were compared using a two-tailed Fisher exact test, Chi-squared test and Mann-Whitney *U* test.

M, male; F, female; 5-ASA, 5-aminosalicylic acid; AZA/6MP, Azathioprine/6-mercaptopurine; GMAA, granulocyte monocyte adsorption apheresis; TNF, tumor necrosis factor; N/A, not applicable.

###### Patient\'s Characteristics Between Non-Relapse and Relapse Group

![](ir-14-37-i003)

  -----------------------------------------------------------------------------------
  Variable                                   non-Relapse\   Relapse\      *P*-value
                                             n=67           n=21          
  ------------------------------------------ -------------- ------------- -----------
  Gender (M/F)                               34/23          11/10         0.564

  Age at diagnosis (yr), median (range)      33 (10--75)    35 (15--71)   0.169

  Extent of disease                                                       0.265

   Extensive colitis                         21 (31.3)      11 (52.4)     

   Left-sided                                15 (22.4)      6 (28.6)      

   Proctitis                                 30 (44.8)      4 (19.0)      

   Unclear                                   1 (1.5)        0 (0)         

  Endoscopic Mayo score                                                   0.167

   Mayo-0                                    36 (53.7)      7 (33.3)      

   Mayo-1                                    31 (46.3)      14 (66.7)     

  Maintenance therapy                                                     

   5-ASA                                     53 (79.1)      19 (90.5)     0.338

   AZA/6MP                                   6 (9.0)        6 (28.6)      0.055

   GMAA                                      1 (1.5)        0 (0)         1.000

   TNF-α antagonist                          3 (4.5)        3 (14.3)      0.145

   None                                      6 (9.0)        2 (9.5)       1.000

  History of treatment with corticosteroid   17 (25.4)      6 (28.6)      0.995

   Corticosteroid refractory                 3 (4.5)        1 (4.8)       1.000

   Corticosteroid dependent                  4 (6.0)        2 (9.5)       0.626
  -----------------------------------------------------------------------------------

Values are presented as n (%).

Categorical and continuous data were compared using a two-tailed Fisher exact test, Chi-squared test and Mann-Whitney *U* test.

M, male; F, female; 5-ASA, 5-aminosalicylic acid; AZA/6MP, Azathioprine/6-mercaptopurine; GMAA, granulocyte monocyte adsorption apheresis; TNF, tumor necrosis factor.

###### The Multivariate Analyze of the Time to Relapse in UC Patients after Achieving Endoscopic mucosal healing

![](ir-14-37-i004)

  Variable              HR      *P*-value   95% CI   
  --------------------- ------- ----------- -------- -------
  Extensive colitis     1.647   0.343       0.587    4.621
  Mayo-1                1.687   0.279       0.654    4.353
  Immunomodulator use   6.134   0.035       1.134    33.17

HR, hazard ratio.
